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(W FOURASPECT-RATIO~WINGSATTRANSONICSFTXM?
ByTJxmELsR.Turner
Smmmi
Aninvestigationattrsnsonicspeedshasbeenmade”intheLangley
high-speedi’-bylo-footunneltodeterminethe”effectofwingsweep
onthemaximum-liftcharacteristicsofa seriesofwingshavingaspect
ratio f4,taper atioof0.6,andNACA6SAOMz+foilsections.Ths
* Machnunibervariedfrom0.61to1.20withtheReynoldsnunbervaqing
from380,000toJJ60,000.
. Maximumliftcoefficientsincreased‘withincreasedsweepatthe
lowerMachnumbershut-decreasedwithincreasedsweepatthehigher
Machnumbersothattherewasleasvariationfthemaximumliftcoef-
ficientwithMachnmberasthesweepwasincreased.
INTRODUCTION
A lmowledgeoftheeffectsofsweepand
-c characteristicsnearmsxlmum13ftis
importanceas thespeedsandaltitudesflown
Machnumberonwingaero-
becodngofgreater
bymodernaircraftcontinue
to increase.U@-xed, W@-altitude@rcra?’tflyat ratherhigh
liftcoefficientsandmayreachorexceedtheangleofattackforthe
ma3ddnmliftofthetircraftinmaneuvers.Sincesweptbackwingsare
beingusedtodelayandtominimizetheeffectsofcompressibilityon
someaircraft,itisimportantthattheeffectsofsweeponthemaximum
liftcoefficientbelnmwn.
Thereareconsidembledataavailableforbothsweptandunswept
WingsuptomaxhumliftatlowMachnuuibers(forexample,reference1),
butonlya Mml.tedamountisavailableabovea Machnuniberofapprod-
.
mately0.60.
Thispaperpresentstheresultsobtainedfromaninvestigationt
-$- determinetheeffectsofsweeponthemsxbmzm-liftcharacteristicsofa
%upersedesrecentlydeclassifiedNACARML~rnl,1~.
-.. , ____ ___ _. -.-— .----
2ser~esof
3P, 45°?
CL
CD
cm
L
D
Ml
Cbx
L/D
R
M
Mz
v
a
q
P
u
s
E
b
NACATN 3468
aspect–ratio-bwingswiththequarter-chordlinesweptback0°, k
and600throughtheMachnumberrangefrom0.61 to 1.20.
COEFFICIENTS
liftcoefficient,L/qs
dragcoefficient,D/@
Am SYMBOLS
pitching-momentcoefficient,M’/qsE
twicemeasured
twicemeasured
twicemeasured
ft-lb
liftof semispanwing,lb
ragof semispanwing,lb
pitchingmomentof semispanwingabout0.25’~,
maximumliftcoefficient
~ift-dragratio
Reynoldsnumber
Machnumber, V/a
localMachnumber
streamvelocity,f%/sec
velocityof sound,ft/sec
dynamicpressure,1 V2 lb/sqft@ }
massdensityof air,slugs/cuft
angleof attack,deg
twiceareaof semispanting,sq ft
wingmeanaerodymmicchord,measuredparallel
J
b/2
symmetry,~ C2 dy,ft
so
twicespanof reflection-planewing,ft
to planeof
NYXATN 3468
J
c localwingchord
4 Cr wingrootchord,
3
parallelto planeof symmetry,ft
f-b
Ct wingtipchord}ft
Y spanwisedistancefromplaneof symmetry,“ft
A sweepbackof
Thefoursemispan
quarter-chordline,deg
MODELSAND TESTTECHNIQUE
modelsusedin thisinvestigationhadNACA6SAO~
sectionsparallelto theplaneof symmetry,an asp~ctratioof 4 (based
on conpletewing),a taperratioof 0.60,andthequarter-chordline
sweptback0°,35°,45°,and60°.(fig.1) The0°,35°,and60°swept-
. backmodelsweremadeof steelandthe~~” sweptbackmodelwasmadeof
berylliumcopper.A circularendplate2.625 inchesin diameterwas
fastenedto therootsectionof eachwingto covera 2.187-inch-diameter
holecutin thebumpsurfaceto clearthewingbutt(fig.2).
Theinvestigationwasmadein thehigh-velocityfieldof flowover
theLangleyhigh-speed7- by 10-foot-tunneltransonicbump. Somedetails
of thebumpandbump-testingtechniquearegivenin reference2. A
sketchshowingthe relativesizeof themodelandbumpis shownin
figure3. Thevelocitydistributionin thevicinityof themodelis
shownin figure4. Outlinesof the A = 0° and A = 600 wingshave
beensuperimposedon thisfigurein orderto illustratetheextentof
thespanwiseandchordtisegradientsin Machnumber. The testMach
numberis theaverageMachnumberoverthe spanandchordof themodel
andis obtainedfromchartssimilarto figure4. Theeffectofthe
Machnumbergradientoverthemodelhasbeenneglectedin theresults
presented.
Thevariationof ReynoldsnumberwithMachnumberfortheinvestig-
ation is presentedin figure5.
Theforcesandmomentson themodelsweremeasuredby meansof an
electricalstrain-gagebalancesubmergedin thebumpandwiredto am
indicatoroutsidethe tunnel.
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RESULTSANDDISCUSSION w
Mft characteristics.-Thevariationfliftcoefficientwithangle
“*
ofattack(figs.6 to9)showsthatextreme~largeanglesofattack —
arerequiredtoobtainmaximumliftcoefficientwhenthewingisswept
back.Thevariationfliftcoefficientwithangleofattackissmall
atanglesofattacknearmadmumliftcoefficient,and,ingeneral,the
loss
have
only
with
The
h liftcoefficientbeyondC- isgradual.
Sincenocorrectionsforwingflexibilityorend-plateinterference
beenmade,theHft-curveslopestakeqfromtheqedatawiU have
limitedvalue.tigeneral,however,tielift-curveslopedecreases
increasingsweepbackata constantMachnumber,as wouldbe~ected,
Thevariationf C~ withMachnumberispresentedinfigure10.
C* valuesata Mach*r of0.10arefromreference1 ata
%ynoldsnumberofapprodmtely3,000,M0andshowa reasonabler~ation “
tothehighMachnumber,lowReynoldsnmbervaluesofthepresent
i.instigation.Theeffeetofthewing-rootendplatehasbeenneglected .
forthisinvestigation;however,someunpublishedexperimentalresults
obtainedin“apretiousinvestigationM ated thatthemaximumlift
coefficientswouldbe slightlydecreasedbythepresaceoftheend
plate.ThemsxlmmMft coefficientincreasedwithincreasedsweep
belowa I’kchnumberofabout0.80anddecreasedwithincreasedsweep
abovea Machnumberofabout0.95butappearedtobepractix
independentofangleofsweeparounda Machnumberof0.90(fig.10).
Themaximumliftcoefficientatlowsupersonicspeedswasalmost
twicethelowMachnumbervalueforthewimgwithzerosweepj however,
thisvariationi C= withMachnumberdecreasedwithincreased
wingsweep.The variationf C~ tithMachnumberforthe35P
and45°sweptwingsofthisinvestigationsverysimilartothe C~
.
variationfora thicker42°sweptbackwingreportedinreference3.
Dragcharacteristics.- Dragcoeffici~tsforliftcoefficients
aboveapproximately0.20arepresentedinfigures11toU. Thedrag .
coefficientsforltitcoefficientsbelowapproximately0.20areomitted
becauseoftheunlmownvalueoftheend-platedragwhichmaybelarge
comparedwiththewingdrag.Itisbelievedkhowewr,thatthisend-plate
dragwillbea smllpartoftietotsdragatthehigherliftcoeff~cients.“-’
Lift-dragratiosforthewhgsata Machnu?iberof0.92anda
curveofthecotangentof a arepresentedinfigure15. Becauseof -c-
thecloseagreementofthedatafortheseveralwingsad thecm of
.
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cotsngenta,itappearsthatforthis
forceisnormaltothechordplanefor
5
seriesoftigs theresultant
allpracticsJpurposesabovean
angleofattackofapproximately8°. Thissamerelationshipwasfound
toexisthroughouttheMachrangeinvestigated.
Pitching-momentcharacteristics.- Thepittig-mmnent-coefficient
dataforthevariouswiugsare~esentedinfigures16 to1.9.h “
tCJ
eneral,aswastobeexpected,thestabilityofthewingsIncreased
c
t
becamemorenegative) astheMachnumberincreased,butthe
stabitydecreased(~CL becamemorepositive)as wing sweep increased.
Ifthelargechangesinstabilitywithchangesh liftcoefficientor
angleofattackfortheselowReynoldsnunibertestspersistatflight
Reynoldsnuuiber,itappearsthatinsomecases
maybeencounteredatlargeanglesofattack.
CONCLUDINGREMARKS
everestabilityproblem
ResultsfromW5nd-tunneltestsofa seriesofswept,aspect-ratio-h
wingsattransonicMachnumbershaveindicatedthat:
1“.Maximumliftcoefficientsincreasedwithticreasadsweepatthe
lowerMachnrmibersbutdecreasedwithincreasedsweepatthehigher
Machnuniberssothattherewaslessvariationfthemaximumlift
coefficientwithMachnuuiberas the sweepwasincreased.
2.Theresultantforcewas,forallpracticalpurposes,normal
tothechordplaneatanglesofattackaboveapprately 8°.
3.Ifthelargechangesinstabilitywithchangesinangleof
attackorlM’t”coefficientforthelowReynoldsnmibertivestigaticn
persistatflightRqmildsnumbers,itappearsthatinsomecasesevere
stabilityproblemsmaybeencounteredathighliftcoefficientsor
highanglesofattack. ..
.—
LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,
LangleyField,Va.,August11,1950.
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Figure2.- DetailEof wing-rootendplateandgaps.
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Flgura3.- Schmnddc sketch of relative positionof model,balance,and
tranaonicbump as mountedh the Langleyhigh-speed7-by 10-f’ootunnel.
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F@re 5.-Variationof Reynaldsmn&er withMach numberfor the
investigation.
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mgure 6.-Variationof liftcoefficientwithangleof attackfor an
aspect-ratio-hwing. A = OO.
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Figure~.-Variatlonof liftcoefficientwithangleof attackforan
aspect-rat1o-4wing. A = 35°.
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Figure8.- Varlatlonof liftcoefficientwithangleof atteskfor an
a6pect-ratio-hwing. A = 45°. 5
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Figure9.-Variationof liftcoefficientwithangleof &Weck for en
Empect-ratio-kting. A = 60°.
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MFigure10.- Effectof aweep on maximumliftcoefficientat tranaofic
Machnuniber6foran aapect-ratio-kwing.
P
m
(’m
Ea
1.4
1.2
1.0
B
CL .6
.4
.2
0
0 J .2 .3 4
000000000 JZ.3#.5.6j’.8
co
Flgore11.-WriatSon of dragcoefficientwithliftcoefficientforan
aspect-ratio-kWI@. A = OO.
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Figure12.-Varlationof dragcoefficientulthMft coefflcientforan
aspect-ratio-kwing. A = 35°.
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Figure 13. - Variationof dragcoefficientwith liftcoefficientfor an
aspect-ratio-hulng. A. 45°.
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Figure14.- Variationof dragcoefficientwith liftcoefficientfor an
aapect-ratio-4wlmg. A = 6(3°.
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Figurel~.- Veriationof lift-dragratiowiti
aspect-rwtlo-ku@. M =
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Figure16.- Variationof pltclling-numentcoefficientwithliftcoefficient
for an ae~ct-ratio-b-. A = OO.
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Figure17.- Varlatlonof pitching-momentcoefficientwithliftcoefficient
foran aspec&ra’tio-4wi.dg.A = 35°.
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F@ure 18.- Variationof pitching-mcnuentcoefficientwithliftcoefficient
for an a6pect-ratto-kwing. A = 45°.
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Figure19. - Varlationof pitching-momentcoefficientwith llftcoefficient
foran aspect-ratio-hwing. A = 60°.
